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632a Wednesday, March 9, 2011benefit from understanding probe location within the bilayer, and how the
probe itself affects the native membrane state. We have conducted molecular
dynamics simulations to investigate perturbations in a DPPC membrane of
a family of commonly-used fluorescent lipids: the indocarbocyanine chromo-
phore DiI attached to two alkyl chains, which vary in length and degree of un-
saturation. In particular, we report on the order and dynamics of DPPC as
a function of distance from the probe molecule, as well as the influence of probe
acyl chains on the location and dynamics of the DiI chromophore.
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Self-Distribution of Dye and Isoflurane in the DPPC Bilayer
Brock Cardon, Eric Melonakos, Neil Brasfield, IlHeon Ha, John D. Bell,
David D. Busath.
Volatile anesthetics are postulated to partition to the lipid-water interface.
Lipid-soluble dyes, such as diphenylhexatriene (DPH) and its tetramethylam-
monium analog (TMA-DPH), have been measured, using quenching by tail-
bound nitroxide spin labels, to span a bilayer leaflet, with the polar end of
TMA-DPH residing ~4A˚ closer to the interface than DPH. Using empirical,
non-polarizable force fields for the dyes and for isoflurane, and various starting
positions, we assessed dye and anesthetic positions after 10-ns dynamics sim-
ulations at 330 K and isotropic pressure. Structural equilibration was evaluated
by tracking tetragonal simulation cell dimensions. Dye molecules rapidly
(<1 ns) migrated spontaneously into one of the 64-molecule dipalmitoylphos-
phatidylcholine leaflets. TMA-DPH resided closer to the surface of the bilayer
with its axis parallel to the bilayer normal, whereas DPH often assumed tilted
positions. Isoflurane molecules (4, 8, 32 or 128) were positioned in the bulk
water (3363 molecules) near a bilayer with either a pair of DPH or TMA-
DPH molecules, corresponding to anesthetic molalities of 0.06-1.94 m. In the
high density simulations, they aggregated into a separate phase surrounded
by water, and few molecules entered the lipid bilayer. This is consistent with
the solubility of isoflurane in water, 0.0133 M at room temperature and
declining with increasing temperature, ~2-fold/20 K. At the lower two densi-
ties, several or most anesthetic molecules were absorbed into the bilayer. First,
they adsorbed to the headgroup region, where they paused briefly, but then they
diffused to the tail region, where they typically stayed the remainder of the
simulation. These studies lay the groundwork for assessment of the effect of
anesthetics on the wobble motions of the dye molecules in the bilayer, for com-
parison to fluorescence anisotropy measurements.
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A computational Study of Gel Nucleation in Lipid Bilayer
Zun-Jing Wang, Markus Deserno.
Even though registration and anti-registration in lipid bilayers have been ob-
served on the level of individual lipids experimentally in a nearest-neighbor
recognition analysis and computationally in coarse-grained (CG) simulations,
the switching mechanism from one matching to another between two leaflets
remains unclear. In mean field analysis, coupling between domains was de-
scribed by a composition-dependent surface tension or, in the case of small
compositional changes, by a single coupling constant induced mainly by dy-
namic chain interdigitation, but the theory has not been tested. Here, we aim
to provide a quantitative analysis of the coupling between gel domains at the
early stage of nucleation by combining forward flux sampling (FFS) with mo-
lecular dynamics simulations of lipid bilayer membranes with a systematic
solvent-free CG model. The combination of both techniques enables us to sam-
ple the rare events of gel domain nucleation in the lipid bilayers at moderate
computational expense, while still preserving chemical specificity and quanti-
tative accuracy. The FFS is implemented to capture the growing and shrinking
scenarios of a gel nucleus in a bilayer. We first study gel nucleation in
a fluid DPPC bilayer membrane to understand the coupling between domains
independent of composition change. Afterwards, we study gel nucleation in
a DPPC-DOPC binary membrane, which adds the complication of a composi-
tion-dependent surface tension of the gel domain. The free-energy of gel nucle-
ation is computed as a function of gel domain size, and both intra- and
inter-leaflet coupling between domains are analyzed.Membrane Fusion II
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Mechanisms of Entry of Vaccinia Virus into Cells Studied by Photosensi-
tized Labeling
Mathias Viard, Bernard Moss, Robert Blumenthal.
Vaccinia virus is a prototype member of the poxviruses that has a complex ge-
nome consisting of more than 200 genes. Along with this comes a complex as-
sembly process giving rise to various forms of the virus whose topology needsto be further studied. To study fusion of intact virions with cells we have devel-
oped methodologies based on photosensitized activation by fluorescent lipid
analogs of a hydrophobic probe, [125I]5-iodonaphthyl-1-azide ([125I]INA),
that rapidly partitions into the membrane bilayer of cells. The photosensitized
labeling methodology involves measurement of incorporation of [125I]INA into
the viral membrane-resident protein(s) as a result of virus-cell fusion. We can
therefore assess the extent of membrane fusion at different times of interaction
between the virus and its target cell and determine the sensitivity of this process
to various compounds. We monitored vaccinia fusion with HeLa cells by as-
sessing the incorporation of [125I]INA into a vaccinia membrane protein
D8L. Maximum labeling was observed upon 30 minutes incubation at physio-
logical pH. This phenomenon was enhanced by the exposure of the prebound
virus to a pH5 pulse. The measurements specificity was confirmed by the in-
ability of the heat inactivated virus and entry-deficient mutants to induce
D8L labeling. While supporting the hypothesis of a membrane fusion phenom-
enon, those observations also support a route of entry of the virus through in-
ternalization by endocytosis. However, comparison with influenza virus for
endosomal entry indicates striking differences in their sensitivity to inhibitors
of endosomal processes. To further assess endosomal entry we used a dynamin
inhibitor, dynasore, which blocks vaccinia entry as measured using a gene re-
porter assay. Interestingly dynasore also inhibited the labeling of cells with
fluorescent lipids. The multiple effects of dynasore are being further studied.
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Shallow Boomerang-Shaped Influenza Hemagglutinin G13A Mutant
Structure Promotes Leaky Membrane Fusion
Alex Liqi Lai, Lukas K. Tamm.
Our previous studies showed that an angled boomerang-shaped structure of the
influenza hemagglutinin (HA) fusion domain is critical for virus entry into host
cells by membrane fusion. Since the acute angle of ~105 degree of the wild-
type fusion domain promotes efficient non-leaky membrane fusion, we asked
whether different angles would still support fusion and thus facilitate virus en-
try. Here, we show that the G13A fusion domain mutant produces a new leaky
fusion phenotype. The mutant fusion domain structure was solved by NMR
spectroscopy in a lipid environment at fusion pH. The mutant adopts a similar
boomerang structure as wild-type, but with a shallower kink angle of ~150 de-
gree. G13A perturbs the structure of model membranes to a lesser degree than
wild-type, but to a greater degree than non-fusogenic fusion domain mutants.
The strength of G13A binding to lipid bilayers is also intermediate between
that of wild-type and non-fusogenic mutants. These membrane interactions pro-
vide a clear link between structure and function of influenza fusion domains:
An acute angle is required to promote clean non-leaky fusion suitable for virus
entry, presumably by interaction of the fusion domain with the transmembrane
domain deep in the lipid bilayer. A shallower angle perturbs the bilayer of the
target membrane so that it becomes leaky and unable to form a clean fusion
pore. Mutants with no fixed boomerang angle interact with bilayers weakly
and do not promote any fusion or membrane perturbation.
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Structure and Function of the Fusion Loop from Ebolavirus GP2
Sonia M. Gregory, Erisa Harada, Binyong Liang, Sue Delos,
Judith M. White, Lukas K. Tamm.
Ebolavirus is an enveloped virus belonging to the Filoviridae family that causes
hemorrhagic fever in humans. The mechanism of virus-host membrane fusion
is not well characterized, but is mediated by the single viral glycoprotein, GP.
Ebolavirus membrane fusion occurs from an endosomal compartment after pro-
teolytic activation of GP by endosomal cathepsins and is governed by a patch of
hydrophobic residues located within the internal fusion loop of the GP fusion
subunit, GP2. Here we present liposome fusion data and NMR structures for
the disulfide bound internal fusion loop (Ebov FL) at neutral and mildly acidic
pH conditions. Membrane fusion activity of Ebov FL was measured in a lipo-
some fusion assay after acidification to pH 5.5. Liposome fusion studies with
varying lipid compositions showed that anionic lipids do not greatly contribute
to lipid mixing, but the dependence on head group structure played a greater
role. Replacement of POPG with POPS showed a decrease in lipid mixing
whereas replacement with bis(monoacylglycero)phosphate (BMP) showed
comparable lipid mixing. CD experiments indicated that moderate secondary
structure was formed upon the addition of DPC at pH 7.0 reaching 14% a-he-
lical structure, which further increased upon acidification to 23%. The NMR
structures in DPCmicelles at neutral and acidic conditions revealed a conforma-
tional change forming a bend in the fusion loop at the lower pH. The bend
guides the reorganization of residues located in the hydrophobic patch. This re-
arrangement is thought to promote lipid disruption resulting in membrane
fusion.
